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At the interface between solid and 
liquid, energy conversion reactions in 
the physical, chemical, and biological 
process proceed. The details of such a 
energy conversion process is yet to be 
clarified completely.1,2) Scanning probe 
microscopy (SPM) is a powerful meth-
od to clarify such mechanisms because 
it can explore structural, mechanical, 
electric and electronic properties in 

atomic (or molecular) scales. As shown in an atomic resolved 
SPM image of CaCO3(104) surface in 5 mM NaCl aqueous 
solution (Figure 1), atomic scale properties are investigated by 
SPM.

Rechargeable battery plays an important role in the devel-
op ment of new systems of energy storage and transfer. Cur-
rently, lithium-ion batteries have been widely used for energy 
systems. Recent demands for rechargeable batteries require 
more developments in the capacity, cyclic performance and 
lifetime. For these developments, the clarification of the 
reaction mechanism at the interface between electrode and 
electrolyte during the charge and discharge reactions is crucial. 

During the charge and discharge reactions of rechargeable 
battery, solvent, carrier ions, additive and solute produce 
specific states at the interface between electrode and elec-
trolyte. The interface states are believed to change the physical 
properties depending on the potential and strongly correlate 
the battery performances. However, detecting the interface 
states is challenging. By setting up SPM system which can 
operate in electrochemical conditions, we detected and the 
investigated physical properties of interface states. Figure 2 

shows force curves obtained at the interface between organic 
electrolyte for lithium-ion battery and gold electrode. The 
force curve was changed by the sample potential between +1.0 
(blue) and −1.0 V (red) (vs Pt). The changes of the force 
curves were caused by the interface states, exhibiting the 
evidence of the formation of the thick interface states by 
electrolyte at −1.0 V. By the analysis of the force curves, the 
mechanical properties of the interface states were also clari-
fied. The analysis of the electrode/electrolyte interface will be 
applied to innovative battery systems3–5) that can overcome 
current battery performances.

Figure 2.  A schematic model of electrode/electrolyte interface in a 
rechargeable battery and force curves obtained by electrochemical 
SPM systems at the interface between organic electrolyte for lithium-
ion battery and gold electrode with changing the sample potential. The 
blue and red curve were obtained at +1.0 and −1.0 V (vs. Pt), respec-
tively. The force curves were measured during the approaching the tip 
to the interface. The distance was determined from the point detecting 
0.4 nN.
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Figure 1.  An atomically resolved friction image of CaCO3(104) 
surface in 5 mM NaCl aqueous solution. image size: 5 nm × 5 nm.




